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ATl'ENUATIOJl OF GAS PULSATIONS USDTG A PERFORATED TUBE 
Joeef Brab1ik, eKD Praha, Compressor Division 
Prague, CzeohosloYakia 
INTRODUCTION ~it ~at be located ~a pipe ~ough 
The presence of pressure pulsation ~ the 
piping of a reciprocating compressor re-
sults from the worktag procea• of compreS-
sor • Pul•ation is produced by unsteady 
cyclically repeated auct~on or diaoharge 
and ita iDfluence manifests itself not 
only iJ1 the piping but al.so in the worki.Dg 
process of the compressor. This inf1uence 
is Ullfa...-ourable, in a predominant measure, 
not only for the operation of the coapra&-
sor but also for ita service life and 
therefore the effort to limit pulsation 
to the lowest possible measure is quite 
naturally. 
There are a number of possibilities how 
to reaCh a reduced level of pulsation but 
not all of them are equally l!!luitable. Let 
us therefore determine some criteria for 
a judgement of them. The damp:i.Dg Dl8mber 
is eXpeoted to 
1) reduce the leTel of pulsation within 
a wide frequency band 
2) not to obstruct the flow of gas and 
not to produce a major pressure loas 
l) not to be costly and complicated. 
Using a calculation a low level ot pulsa-
tion can be reached by the Choice of sui-
table lengths of pipes and volumes of 
cODDected equipment. However, such a so-
lution is limited to a relatively narrow 
band of frequencies and it is not easy 
to comply with. Even though it is not 
customary to vary the speed of a cospree-
sor , a change of the temperature o£ 
the gas and, as a consequence, also a 
Change of the speed of sound may consi-
derably affect the tuntng of the system 
of pipes. Azld eueh change a are common, 
for instance, with refrigeration compres-
sors • 
A1 though the often used orifice p1a te 
satisfies the requirement of damping 
vi thin a wide frequency band it is 
usually a source of' energy losses uhen 
511 
which sas flows cont~uously. Fig.la. 
The criteria mentioned above are compara-
tively beet eatisf'ied by an orifice plate 
situated outside the direction of' flow 
of' the ga• or by a tube with perforations, 
The damp:l.DB principle is the s&Jae in both 
eases. If' the pressure inside the tube is 
greater the gas flows out from the tube, 
±n the opposite oaee it f1ows in the re-
verse direction. By this alternation f'1ow 
energy 1oeees are caused, moet1y at the 
detriment of the «as pulsation, The f1ow 
conditions of' the tube are not substan-








A characteristic representative of this 
type o~ damper is the perforated tube. 
Ita properties, from the point of' view 
of pulsation damping, can be ezpressed 
ana~ytica~ly. For that purpose it is 
assumed that the pressure on the outside 
or the tube is constant and equa1 to the 
mean pressure in the p~p~ system. 
PERFORATED TUBE 
Let us have a tube of a constant cross 
section provided w~th a row of perfora-








P+ a P dx ax 
V+ 8 I' dx 
-ax 
p+ 1Jfdx 
app1icable, with a certain approximation, 
to a nonstationary f~ow through a tube, 
then an ana1ogoua equation can be derived 
for the tube with perforation 1n the Shape 
Tile member - J. tJ,?- on the right side of the 
equation repreaettts the pressure l_oss due 
to the outflow of the gas from the perfo-
rated tube. 
The va1ue q is determined on the assump-
t~on that the flow o£ gas throush the per-
forations in the tube is governed by rela-
tione analogous to those of flov through 
an orifice plate. Thus the follovi.Dg vi11 
hold good £or v . f p-p,.. q e Y-'·E-K· 2gRT · p-
during the flow of the gas :f'rom the tube 
and 
during the inlet of' the gas into the tube. 
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A solution of the above relations :f'or the 
given boundary conditions ~ the closed 
form is impossible. There:f'ore the method 
of characteristics was used, modified 
vith regard to the quantity of gas which 
is flowing through the perforations of' 
the tube. The solution i• shown schemati-
cally in the p - Q diagram in Fig. 3. From 
the known conditions ~t points n i-f n and 
" i ~ 1 • a position o£ point " i " is sought 
vith a view to satisfying, at the same 
time, also the condition for the outlet 
or inlet of gas through the perforations 
in relation to the pressure at that point. 
Obviously this is an approximate solution 
whioh will be the more accurate the shor-
ter the step of' the oa1oulation /J x /. 
p 
q~x q!Jx 
____....._t:L+L 0 _. _ 










!Jp = -Bq4x 
FIGURE 3 
A per:f'orated tube is an e:f'f'ective damper, 
though only as long as the perforation• 
are situated at points where pronounced 
pressure Change• take plaoe inside the 
tube. When the perforation is at the end 
of' the tube the :f'inal effect depends to 
a oouaiderable degree on the length of 
the perforation. Ita ~ength should not 
be leas than approzimately one tenth of' 
the wave le:agth of the frequency vhioh is 
still to be damped effeotive~y. 
.AlJALYTICAL MODEL 
The present concept of p~p~ systems of 
reoiprocatiag compressors vith dampers on 
both the suction and the delivery sides 
creates favourable conditions for the 
application of the perforated ~be as a 
damper of the pulsation whioh originates 
in the space between the va1 ve chamber 
and the damper and reaches considerable 
values in comparison with a11 other parts 
of the pip~ system. 
In order to prove the efficiency of the 
damping of pu1sation by a perforated tube 
and, at the same time to test the develo-
ped analytica1 method, an ana1ytioal model 
vas built for the area between the worktag 
space and the dampers. The model ~a oho.a 
in F:i.g.s • .S and 6. As regarde the pressure 
in the dampers it is assumed to be cons-
tant or at least that its changes are ne-
gl:lgibly small in relation to the pressure 
cha.ns'es in the valTe chambers. 
The model is made up of relations for the 
following processes: 
1) Adiabatic compression and expansion in 
the working space. 
2) Relations for flow through Val.ves. In-
cluded in the calculation is the pressu-
re loss due to the gas f1ow through the 
valve but the dynMlios of the va1ve 
plates and leakage of the valves are 
not considered. 
3) Non-stationary flow in the tube vith 
consideration of the outlet of gas 
from the tube and ~at of it at the 
pointe of the perforation. 
The entire solution ie programmed on a 
computer. Since every numerical so1ution 
must start from concrete values inputs 
were inserted into the ca10Ulation vbioh 
correspond to the experimental equipment 
with a CKD Type 2 SK 24o B compressor 
modified to operate as a single- acting 
unit. The results obtained by caJ.cul.at:i&m 
as well as experimentally are sho1m. in 
Figs. 5 and 6. 
The values of p~essure pulsation are pre-
sented here depending on the compressor 
speed. Regard~ to the very different 
form of the pressure pulsation it would 
be very difficu1t to compare them mutu-
ally in their original form and a compa-
rison acoord~ to peak values wou1d not 
be correct. Therefore a substitution vas 
used, according to Fig. 4. The plotted 
amplitudes of the pressure changes are 
the amplitudes of harmonic osoi11ations 
the mean values of which are idantica1 
with the mean values of the measured 
oscillations. P'o:t• completion also a com-
parison is shown of the calculated beha-
viours of the pressure changes im the 
valve Chambers vith the meaaured beha-
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viours • 





The identical results of the computation 
and the e%periment prove that, prov~ded 
the length of the perforation is adequate 
to the wave length of the frequencie• to 
be damped, a perforated tube is a:n effec-
tive means with the capability of pulsa-
tion damp~ within a very vide frequency 
ra.Dge. Al.so apparent, however, :from the 
meaGurements carried out, is the fact 
that the damping ef'i'ect of the tube is 
limited to on1y that part of the piping 
system to whiCh the perforated tube is 
adjacent. From the opposite side its 
effect is small. For ~stance, in the 
case of the di•Charge pip~ the resonan-
ce amplification of oscillations at a 
speed o:r appro%imately 4oo r.p.m. which 
corresponded to the tuning of the damper 
- receiver system manifested itself in 
an almost unreduced measure also in the 
valve chamber. 
Even though the perforated tube cannot be 
considered a universal means for the dam-
ping of pulsation it has a number of ad-
vam.tages th.BD.ks to wh.:Loh. it wi11 doubt-
1essly be used to good advantage in many 
cases. Capable of contributing in no sma11 
measure to a correct ohoice and euitable 
utilization Of it is ~so the mathematical 
solution. 
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Notation 
a Aoouatio ve1ooity 
g Gravitati-ona1 acoe1eration 
p Pressure in tube 
PI Pressure in valve chamber 







Mean pressure :in. tube 
Volume of gas escaping f'rom the tube 
per unit of' time and on a uni.t legth 
Time 
Velocity of' gas 
Coordinate of' leugth 
Cross section of' tube 
K Total area of' damping hole• per unit 
of' length of tube 
Q Volume of' gas per unit of' time 
R Gaa constant 
T Temperature 
Expansion coefficient 
.F., Speci:fic mass of' gas at Po 
~ Flow coef'fioient of' holes in the tube 
~ Angu1ar velocity 
B = Joa 
F 






FOR/1 OF DAf1PED PRESSURE PULSATION 
IN THE VA LV£ CHA11BER 
@_L_~'-
Single acting comprusor 
bor! : 240 mm 1 stroke: !50 mm 
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Suction pipe: with perf, Md: (measured) o-o-o (Computed)+ + + 
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FORN OF DAI1PED PRESSURE PULSATION 
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FIGURE 5 
Discharge pipe : with per/. end: (me a sured) o-o-o (computed) + + + 
without perf end ( -11- ) o---o---o (pipe length 2000mm} 
